Patients with Duchenne muscular dystrophy are so mal nourished that energy supplementation is crucial. Their degree of energy deficiency was assessed as difference between their energy intake and their energy allowance, which were deduced from easily measured parameters. A significant, negative relationship was found between the basal metabolic rate (BMR) (Y, %, BMR/standard BMR) and body weight (X, %, body weight/standard body weight) in the patients, from which the formula for the BMR was deduced to be Y=-1.116X+174.5 (n=202, r=-0.72, p<0.001). Thus, it is possible to estimate the energy allowance for individual patients by a factorial procedure from the presumed BMR and a factor for physical activity. In addition, their energy intake was calculated from a constant protein-energy % (14.6%) in their diet and nitrogen intake which was deduced from a significant positive correlation between their nitrogen intake (Y, mg/kg/day) and their nitrogen excretion in 24h urine samples (X, mg/kg/day). This correlation conformed to the equation Y=1.053X+32.4 (n=267, r=+0.76, p<0.001). The validities of the above predictions for energy intake and allowance were examined by plotting the degree of energy deficiency (% ratio of presumed intake/ presumed allowance) against the concentrations of retinol binding pro tein, prealbumin and transferrin in the serum, because rapid turnover proteins are sensitive to energy deficiency. Significant positive correla tions were obtained with both variables, suggesting that these predictions were valid. Key Words progressive muscular dystrophy, predicted energy intake and allowance, intake N and urinary N, protein-energy ratio, rapid turnover proteins 155
Previously we reported that patients with Duchenne muscular dystrophy (DMD) are underweight and that their low body weights are due to increased energy expenditure and protein degradation, i.e., to enhanced needs, not to de creased food intake (1) . Supplementation with protein and energy , especially the latter, may prevent or reverse their body weight loss and so prolong their life span . Appropriate supplementations of protein and energy for individual patients depend on the degree of deficit represented by the differences between the intake and allowance. However, procedures to determine the dietary intake and allowance for individuals are too complicated to be feasible. Thus, we tried to deduce the protein and energy intakes from the urinary nitrogen excretion and dietary protein-energy (PE) % and to estimate the energy allowance using values for the basal metabolic rate (BMR) predicted from the inverse relationship between the body weight and BMR reported previously (1) . To confirm the validity of these predictions , we examined the relationship of dietary deficit with the serum concentration of some rapid turnover proteins.
EXPERIMENTAL
The subjects examined and experimental procedures used were described in detail in our previous paper (1) . Briefly, a total of 310 DMD patients, aged 11 to 29, were included in this study. Protein and energy intakes were estimated from data on the weights of foods consumed using a food composition table and then the dietary protein-energy (PE) % was calculated.
The basal metabolic rate was measured by indirect calorimetry. The apparent nitrogen balance was obtained by subtracting excreted N (determined in 24h urine and fecal samples) from the ingested N (determined as the difference between N in served foods and uneaten foods).
The adequacy of energy intake was assessed by comparing the intake with the allowance (I/A ratio). The energy allowance was calculated by a routine factorial procedure using the measured BMR and a factor for physical activity of 0.3 (2) .
The concentrations of the rapid turnover proteins, prealbumin, retinol binding protein (RBP) and transferrin, in the sera of 19 DMD patients were determined by a radial immunodiffusion method (3).
RESULTS
Prediction of the BMR for individual patients from their body weight loss Previously we showed that, compared with control values, mean body weight decreased and the mean BMR (kcal/kg) increased in the respective age groups of DMD patients with age and progression of the disease (1). As increase in energy expenditure results in greater body weight loss, it seemed appropriate to relate the increase in the BMR with that of body weight loss. Thus, to obtain a formula for predicting the BMR directly from the body weight loss, the extent of BMR increase adult patients. However, we concluded that data for all the patients aged 11 to 29 years should be included, because their growth differences were small, the mean body weights of young and adult patients being about 26 and 30 kg, respectively. Urinary nitrogen excretion, determined on 24h urine samples, is easier to measure than dietary nitrogen intake, and thus is a more practical method for predicting protein intake. Namely, energy intake of individuals can be estimated from their protein intakes deduced from their 24h urinary nitrogen excretions, assuming a constant PE% value.
Relation of adequacy of energy intake to the serum levels of rapid turnover proteins in DMD patients
To check the validity of predictions for energy intake and allowance, we examined the relationships of the degrees of dietary deficiency with the serum concentrations of RBP, prealbumin and transferrin in DMD patients, because transport proteins with rapid turnover are sensitive to dietary deficiency (5). Table Table 1 . Dietary adequacy in DMD patients, judged from changes in serum levels of rapid turnover proteins. 1 shows the relationships in three age groups of the adequacy of energy intake, assessed from the ratio of the predicted energy intake to the predicted energy allowance with the serum concentrations of these proteins. The body weights of young, adolescent and young adult patients (12 to 13, 14 to 17 and over 18 years, respectively) as percentages of those of the respective age-matched controls were 82, 59 and 53%, respectively. The intake and allowance of energy (kcal/day) estimated using the above prediction were, respectively, 1,116 and 1,294 for the young group, 1,085 and 1,422 for the adolescent group and 1,125 and 1,328 for the young adult group. From these values the adequacies of energy intake were calculated to be 87, 76 and 85%, respectively.
The serum concentrations of all the rapid turnover proteins except transferrin were significantly lower in the patients than in healthy controls. Moreover, their concentrations were lowest in the adolescent group of patients who were the most deficient in energy. These findings suggest that the decreased concentrations of RBP and prealbumin in the serum of the patients resulted from inadequate energy intake. Thus, the relationships between the degree of energy deficiency and the serum concentrations of RBP and prealbumin were examined further. Plots of the adequacy of energy intake (X, %) against the concentration (Y, mg/100ml) of RBP or prealbumin showed significant rectilinear relationships conforming to the following equations: Y=0.0263X+0.839 (n=19, r=0.71, p<0.001) for RBP and Y=0.228X+5.72 (n=19, r=0.76, p<0.001) for prealbumin. As the concentra tions of rapid turnover proteins are sensitive to protein and/or energy deficiency, these results indicate that our predictions for energy intake and energy allowance K. OKADA et al.
are valid. A significant correlation was also found between serum transferrin and energy sufficiency, using data from 19 patients (Y=2.146X+118 .53, r=0.68, p< 0.01). However, further studies are necessary on why the mean serum transferrin concentration in the patients tended to be higher than that in healthy controls whose energy intake is probably adequate ( proteins and the degrees of energy deficiency, because the levels of these proteins are known to be sensitive to energy deficiency (5, 8).
The relationships of the serum concentrations of rapid turnover proteins to the degree of protein deficiency were also examined (data not shown), but no signifi cant correlations were found. This was mainly because the protein allowances were estimated to meet the needs of nearly all the patients (9) and, therefore, the degrees of protein deficiency (protein intake/protein allowance) were not exact like those of energy deficiency.
In this work, by use of relatively easily measurable parameters, such as the body weight and nitrogen excretion in 24h urine samples, we could estimate the energy intake and allowance for individual patients, and determine their degrees of energy deficiency. Studies on the effects of energy supplementation on physical and physiological parameters of the patients are now in progress.
